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(54) Multi-beam antenna system for cellular radio base stations 



(57) A base transceiver station operating a sector- 
ized cell of a cellular radio system operates a plurality 
of narrow uplink main receive beams, and one or a plu- 
rality of uplink diversity receive beams. A scanning 
means (1300) scans each of the uplink main receive 
beams to locate a communications channel on the main 
uplink beams. A diversity receiver (1301) receives a di- 
verse beam signal from the diverse beam(s), which is 
compared with a beam signal received from a main up- 
link beam, and the main beam signal from the main 
beam, or a diverse beam signal from the diversity an- 
tenna is selected, depending on the comparative signal 
to noise ratio and signal strength of the main beam sig- 
nal and diversity beam signal. 
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diversity antenna system (and related methods) with a main 
and diversity (array) antenna, each antenna receiving a 
plurality of beams, where the beams are either orthogonal, 
non-orthogonal or steerable, containing a beam selection 
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(54) Multi-beam antenna system for cellular radio base stations 



(57) A base transceiver station operating a sector- 
ized cell of a cellular radio system operates a plurality 
of narrow uplink main receive beams, and one or a plu- 
rality of uplink diversity receive beams. A scanning 
means (1300) scans each of the uplink main receive 
beams to locate a communications channel on the main 
uplink beams. A diversity receiver (1 301 ) receives a di- 
verse beam signal from the diverse beam(s), which is 
compared with a beam signal received from a main up- 
link beam, and the main beam signal from the main 
beam, or a diverse beam signal from the diversity an- 
tenna is selected, depending on the comparative signal 
to noise ratio and signal strength of the main beam sig- 
nal and diversity beam signal. 
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Description 

Field of the Invention 

This invention relates to an antenna arrangement 
and method of operation of an antenna arrangement for 
use in a cellular communications system and more par- 
ticularly, to an antenna arrangement and method em- 
ploying diversity. 

Background to the Invention 

In conventional cellular radio systems, geographi- 
cal areas are divided up into a plurality of adjoining cells, 
in which mobile stations within a cell communicate with 
a base transceiver station. The frequency band within 
which cellular radio systems operate is limited in band 
width, and so available carrier frequencies need to be 
reused in order to provide sufficient user capacity in the 
system. Carrier frequencies are reused from cell to cell, 
and in conventional systems it is usual to divide each 
nominally hexagonal cell into three sectors (a trisected 
cell) and to use omni-directional or sectorized antennas. 

There is increased capacity demand for use of cel- 
lular radio systems. In deployments where the base 
transceiver stations at the center of cells have insuffi- 
cient capacity to deal with demand from mobile stations 
within cells, in order to increase call carrying capacity it 
is required to reduce the size of cells and create more 
cells of smaller area However, creation of new cells in- 
volves creation of new base transceiver stations which 
has the problem of increased equipment cost, and other 
associated costs such as the cost of renting or buying 
suitable sites. Further, it is increasingly difficult to obtain 
planning permission for new antenna sites. Thus, any 
techniques which allow increase of capacity at existing 
base transceiver stations are important. 

The type of antenna used at the base station site 
can potentially make significant improvements to the 
range and capacity of a cellular radio system. In one ap- 
proach a. base station antenna pattern comprises a 
beam of narrow angular widths as shown in Figs. 1 and 
2 herein. A narrow radiation beam 1 is directed by a base 
station Smart antenna 2 at a desired mobile station 3. 
The beam is narrow in both an azimuth and elevation 
planes, and tracks the mobile's movements. When com- 
pared to an omni-directional antenna, such a narrow 
beam has dual benefits of having high gain, leading to 
increased range in a thermal noise limited environment, 
and of rejecting interference from co-channel reuse 
cells, due to spatial separation of beams, thereby allow- 
ing higher capacity in a cell without cell splitting. A nar- 
row beam has an advantago of reducing interference in 
a balanced manner on an uplink and a downlink path. 

Where each cell has a number of smart antennas 
having narrow beams which track individual mobiles, 
there results an overall reduction in carrier to interfer- 
ence (C/l) ratio due to the statistical probability that drf- 
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ferent beams reusing the same carrier frequency will be 
pointing in different directions, having different azi- 
muths. The likelihood of two or more beams having a 
same carrier frequency intercepting each other is dimin- 
s ished. The narrower the beams, the lower the probability 
that a mobile will intercept a same frequency beam of a 
different cell in which the same carrier frequency is re- 
used. Although a narrow radiation beam is formed at ra- 
dio frequencies typically in the 900 MHz, 1800 MHz or 
1900 MHz bands, a narrow beam can usefully be visu- 
alized as analogous to search light beams which ema- 
nate from the base station, and track the mobiles. When 
contrasted with an omni-directional antenna, this cre- 
ates a high quality transmission path with minimal inter- 
ference. For the purposes of this document, the use of 
the word "omni-directional" is intended to convey the 
meaning of having radiation coverage over an area cor- 
responding to substantially the whole geographic area 
of a cell. The extent of the advantage of a narrow beam 
antenna over an omni-directional antenna is a function 
of the beam width of the narrow beam antenna. The nar- 
rower the beam width, the greater the advantage. 

However, the tracking beam antenna array, whilst 
providing improved carrier to interference ratio is vulner- 
able to fading, particularly since all elements in the an- 
tenna array may be closely spaced together, and may 
therefore all experience fading at the same time. 

In another approach, there are provided a plurality 
of relatively narrow beams which are spatially fixed. As 
a mobile moves across an area covered by a plurality 
of beams, the mobile must be handed over from beam 
to beam, and using a smart antenna arrangement, fre- 
quencies can be switched between beams to follow a 
mobile, so that the mobile can remain communicating 
on the same carrier frequency without the need to hand 
over to a different carried frequency. However, the smart 
antenna arrangement required for a switched beam ap- 
proach is also susceptible to fading, for the same rea- 
sons as the tracking beams as described above. 

One solution used to partially overcome the effects 
of fading in conventional omni-directional antennas and 
sectorized antennas is to employ diversity 1 . Referring 
to Fig. 3 herein, there is shown an example of a cover- 
age area for a cellular radio system divided into a plu- 
rality of nominal hexagonal cells, each cell being sec- 
torized into nominal 120° angular sectors. Examples of 
120° sectors are illustrated 300, 301 , 302. Convention- 
ally, each 120° sector may employ diversity, and be 
served by a pair of antennas, comprising first and sec- 
ond antenna elements spaced apart from each other by 
a distance of the order of 2 to 3 meters or so. Such an- 
tenna pairs help to overcome Rayleigh fading. When 
one antenna is in fado, and receiving a weak signal, tho 
other antenna of the pair may be out of fade and receiv- 
ing a stronger signal. A deployment of conventional di- 
versity pair antennas in a nominally hexagonal cell is 
illustrated schematically in Figs. 4 and 5 herein. On an 
uplink, each antenna has a 1 20° wide beam of high gain 
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sensitivity, from which it picks up signals from mobile 
stations within a zone covered by the beam. Beams from 
the two antennas overlap each other, so that a signal 
transmitted by a mobile station MS within a zone cov- 
ered by both beams will be received by both antennas. 5 
In a tri-sectorized cell using a diversity pair antenna ap- 
proach, there may be mounted a triangular support 500 
on a mast 501, on each side of the triangular support, 
there being positioned a pair of antennas 502, 503; 504, 
505; and 506, 507. Aconventional diversity pairantenna io 
arrangement comprises a main antenna 502 and a di- 
verse antenna 503. the two antennas connected to a 
diversity receiver. If the antennas of an antenna pair are 
spaced far enough apart, any fading experienced by one 
antenna of the pair will be largely uncorrelated with fad- 15 
ing experienced by the other antenna of the pair The 
gain advantage which can be achieved from employing 
conventional diversity pair antennas is typically within 
the range 3dB to about 8dB. The conventional tri-sec- 
torized base station antenna configuration produces an 20 
increase in carrier to interference ratio over a cellular 
radio system employing diverse omni-directional anten- 
nas, whilst retaining an improved signal to noise ratio by 
use of diversity pair antennas in each sector. 

Roforring to Fig. 6 herein, there is illustrated schc- 2 s 
matically a switching arrangement of a prior art antenna 
arrangement for a tri-sectorized cell incorporating three 
1 20° sectors. Each sector is provided with a diversity 
antenna pair 600, 601 , 602 respectively, each antenna 
comprising a main antenna and a diversity antenna. 30 
Each antenna is connected to an input of an RF switch 
603 controlled by diversity radio receiver 604, which 
scans the received signals present on each of the diver- 
sity antenna pairs of the three sectors. Sector scanning 
is performed to determine when to hand over a mobile 35 
station from one sector to another The receiver 604 re- 
ceiving an RF signal from a mobile on one sector occa- 
sionally scans the antennas of the other sectors to com- 
pare the received signals strengths on those adjacent 
sectors, to determine when to hand over a call between <o 
sectors. An example of a prior art diversity receiver hav- 
ing sector scanning facility is the NT-800-DR dual mode 
radio unit available from Northern Telecom Limited. 

Whereas antennas having broad 120° sector cov- 
erage may provide some increase in system capacity *s 
through frequency reuse, tor further improving the car- 
rier to interference ratio and hence system capacity use 
of multiple narrow beams in a sector, is desirable. To 
produce a plurality of narrow directional beams, an an- 
tenna array having plurality of antenna elements is $c 
used. The relative phase and amplitude weighting of 
each of the elements determine the direction and width 
of tho beams. The antonna array is ideally as compact 
as possible, in order to reduce size and weight. However 
because such small apertures are used, the antennas & 
are vulnerable to fading. The size and shape of array 
antennas which provide a narrow beam operation with 
up to seven or eight beams per 1 20° sector means that 



these antennas can experience fading on all beams si- 
multaneously due to the close spacing of elements of 
the array antenna. 

Whilst it is desirable to use a large number of narrow 
beams in a sector to increase capacity and it is desirable 
to use compact aperture antennas from the advantage 
of low weight and small size, there remains a fading 
problem in all beams in a sector simultaneously using 
such a configuration. 

Previous solutions to fading using diversity pair an- 
tennas all have wide aperture antennas. There remains 
a problem of increasing system capacity by greater re- 
use of carrier frequencies in a narrow beam approach 
whilst overcoming fading in all beams of an antenna. 

Summary of the Invention 

One object of the present invention is to provide im- 
proved carrier to interference ratio by use of multiple 
beams in a cell sector, whilst providing improved signal 
to noise ratio and avoiding of fading problems. 

Another object of the present invention is to provide 
improved carrier to interference ratio in a base trans- 
ceiver station equipment whilst maintaining acceptable 
signal to noise performance, and using an antenna array 
of relatively compact size. 

According to one aspect of the present invention 
there is provided an antenna arrangement for a cellular 
radio base station, said arrangement characterized by 
comprising: 

a main antenna (1000) and a diversity antenna 
(1002); wherein 

at least one said antenna is configured to receive 
communications signals on a plurality of directional 
beams (1100, 1101). 

Preferably said main antenna receives a said com- 
munications signal on a plurality of said spatially distinct 
beams, and said antenna arrangement further compris- 
ing means for selecting from between said plurality of 
spatially distinct beams, a said beam providing optimal 
reception of the wanted communications signal. 

Preferably said antenna arrangement comprises a 
diversity receiver adapted to combine said optimal com- 
munications signal with a communications signal re- 
ceived by said diversity antenna. 

Suitably, a said main antenna comprises a plurality 
of individual antenna elements. 

Said diversity antenna may comprise a plurality of 
antenna elements adapted to receive a said communi- 
cations 6ignal on one or moro of a plurality of adjacent 
diversity beams defined by said plurality of antenna el- 
ements. 

The plurality of directional beams may comprise or- 
thogonal beams, or non-orthogonal beams. The plural- 
ity of beams may be directable in different directions to 
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each other, or may be able to track a mobile station. 

Preferably said means for selecting a beam com- 
prising an optimal signal is common to both said anten- 
nas. 

Preferably said means for selecting a beam receiv- 
ing an optimal signal intermittently re-selects said opti- 
mal signal. 

Prelerably said intermittent re-selection comprises 
testing beams adjacent said selected beam for an opti- 
mal signal. 

According to a second aspect of the present inven- 
tion there is provided a method of receiving communi- 
cations signals in a cellular radio communications sys- 
tem, the method characterized by comprising the steps 
of: 

forming a first plurality of directional uplink beams; 

receiving communications signals on said first plu- 
rality^ directional uplink beams; 

forming at least one second directional uplink 
beam; 

receiving communications signals on said second 
directional uplink beam; 

scanning across said plurality of first beams to lo- 
cate a beam of said first plurality receiving an opti- 
mal communications signal. 

Said method may comprise a step of comparing 
said communications signal received on a said located 
beam with a said communications signal received on 
said second uplink beam; 

Said method may comprise a step of combining said 
communications signal located on said located beam 
with a said communications signal received in said sec- 
ond uplink beam. 

SaioVmethod may comprise the steps of: 

forming a plurality of said second uplink beams; 

scanning across said plurality of second uplink 
beams to locate a beam of said second plurality on 
which said communications signal is optimally re- 
ceived; and 

comparing said communications channel received 
on said first located beam with said communica- 
tions channel received on said second located 
beam. 

According to a third aspect of the present invention 
there is provided an antenna arrangement for a cellular 
radio system, characterized by comprising: 

a first antenna array capable of receiving first an- 
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tenna signals; 

a first beam former means (1 302) capable of receiv- 
ing said first antenna signals and outputting a plu- 
5 rality of first beam signals corresponding to a first 

plurality of beams: 

a second antenna spaced apart from said first an- 
tenna, said second antenna capable of receiving 
w second antenna signals; 

a second beam former means (1 304) capable of re- 
ceiving said second antenna signals and outputting 
a second beam signal corresponding to at least one 
second beam; 

locating means (1 300) for scanning across said plu- 
rality of first beam signals to locate a communica- 
tions signal received on a said directional beam; 
and 

a receiver (1301 ) for receiving said first and second 
beams signals. 

Suitably, the first antenna comprises a main anten- 
na and the second antenna comprises a diversity an- 
tenna. The receiver preferably comprises a diversity re- 
ceiver. 

The diversity receiver may switch to the stronger of 
the signals received by the main antenna or the diverse 
antenna, or optimally the diversity receiver could com- 
bine the signals from the main antenna and the diverse 
antenna. There may be a significant advantage in se- 
lecting the strongest signal from the two antennas, or 
combining the signals from two antennas. 

Preferably said locating means operates to select a 
beam signal corresponding to an optimal receive beam 
of said first and second directional beams. 

Said antenna arrangement may comprise means 
for comparing said first beam signals with said second 
beam signals. 

Said antenna arrangement may comprise means 
for combining said first beam signals with said second 
beam signals. 

Said second antenna may comprise a directional 
antenna capable of receiving communications signals 
on a second plurality of directional beams. 

Preferably said receiver simultaneously receives a 
beam signal from each of said plurality of beams, and 
sequentially scans said beam signals of said plurality of 
beams. 

Said first and second antennas may be physically 
spaced apart by a distance sufficient that when said first 
antenna experiences a fade, said second antenna is out 
of fade. 

According to a fourth aspect of the present invention 
there is provided method of receiving communications 
signals in a cellular radio communications system, the 
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method characterized by comprising the steps of: 

receiving first antenna signals on a first antenna ar- 
ray: 

inputting said first antenna signals into a first beam 
former means; 

outputting from said first beam former means a plu- 
rality of first beam signals corresponding to a first 
plurality of beams; 

receiving second antenna signals on a second an- 
tenna array, said second antenna array spaced 
apart from said first antenna array; 

inputting said second antenna signals to a second 
beam former beams; 

outputting from said second beam former means 
beam signals corresponding to at least one second 
beam; 

scanning said plurality of first beam signals to locate 
a communications signal received on a said beam; 
and 

inputting at least one of said first and second beam 
signals into a receiver. 

Said first plurality of beams suitably comprise a set 
of directional beams and a said at least one second 
beam may suitably comprise a single sector wide beam 
or a plurality of directional beams within a sector. 

According to a fifth aspect of the present invention 
there is provided an antenna arrangement for a cellular 
radio system, characterized by comprising: 



an antenna array capable of receiving signals from 
a plurality of main uplink beams, and at least one *o 
diverse uplink beam, and producing corresponding 
antenna signals, said main and diverse uplink 
beams being distinguishable from each other on a 
polarization basis; 



a receiver means operating to compare said com- 
munications signal received on said identified main 
beam with said communications signal identified on 
said diverse beam. 

5 

Use of a dual polarized antenna array having nar- 
row uplink beam segregation, and coupled to a diversity 
receiver may allow a relatively small antenna aperture, 
providing an increased carrier to interference ratio, and 

10 an acceptable signal to noise ratio. A received signal 
may experience a first amount of fading in one polariza- 
tion, and a second uncorrelated amount of fading, or no 
fading in another polarization. Comparison of mutually 
orthogonal polarizations of a received signal may ena- 

is ble selection of an optimum signal strength. 

Preferably said antenna is capable of receiving sig- 
nals on a plurality of said diverse uplink beams, and said 
scanning means operates to scan across a correspond- 
ing plurality of diverse beam signals to identify a beam 

20 of said plurality on which said communications signal is 
received. 

According to a sixth aspect of the present invention 
there is provided a method of receiving communications 
signals in a cellular radio communications systems, the 
2S method characterized by comprising tho stops of: 



forming a first plurality of uplink beams, and at least 
one second uplink beam, said first and second 
beams being distinguishable from each other on a 
polarization basis; 



30 



35 



45 nal. 



beam former means for receiving said antenna sig- 
nals and producing a plurality of main beam signals 
corresponding to said plurality of main beams, and 
at least one diverse beam signal corresponding to 
said at least one diverse uplink beam; and 50 

a locating means operating to: 

scan across said plurality of main beam signals to 
identify a beam of said first plurality of main uplink ss 
beams on which a communications channel signal 
is received; and 



receiving a communications channel signal on said 
first and second uplink beams; 

scanning across said first plurality of beams to iden- 
tify a beam of said first plurality on which a commu- 
nications channel signal is received; and 

comparing said communications channel signal re- 
ceived on a said first identified beam with said com- 
munications signal received on a said second 
beam. 

Preferably said polarizations are mutually orthogo- 

The method may comprise the steps of: 

forming a plurality of said second uplink beams; 

scanning across said second plurality of uplink 
beams to locate another said beam of said second 
plurality on which said communications channel 
signal is received; and 

comparing said communications channel signal re- 
ceived on said first identified beam with said com- 
munications channel signal received on said sec- 
ond identified beam. 
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According to a seventh aspect of the present inven- 
tion there is provided a method of receiving communi- 
cations signals from a mobile station in a cellular radio 
communications system, said method characterized 
comprising the steps of: 

forming a plurality of main uplink beams; 

forming a plurality of diverse uplink beams; 

selecting at least one beam from said plurality of 
main uplink beams and said plurality of diverse up- 
link beams; and 

inputting said selected at least one beam into a re- 
ceiver. 

Said plurality of main uplink beams may operate to 
distinguish signals of a first polarization; and 

said plurality of diverse beams may operate to dis- 
tinguish signals of a second polarization. 

The invention includes a method of receiving com- 
munications signals from a mobile station in a sectorized 
cellular radio communications system, said method 
characterized by comprising the steps of: 

forming a plurality of main uplink beams in a sector; 

forming at least one diverse uplink beam in said 
sector; 

serving a said main uplink beam by monitoring sig- 
nals received on said main uplink beam monitoring 
signals received on said diverse uplink beam; and 

periodically monitoring signals received on at least 
one said main uplink beam other than said served 
maindjplink beam. 

Said other uplink beams may comprise main beams 
adjacent Jn azimuth to said served main beam. 

Brief Description of the Drawings 

For a better understanding of the invention and to 
show how the same may be carried into eflecl, there will 
now be described by way of example only, specific em- 
bodiments, methods and processes according to the 
present invention with reference to the accompanying 
drawings in which: 

Fig. 7 herein illustrates schematically a plurality of 
uplink receive beams of one sector of a cellular ar- 
ea; 

Fig. 8 illustrates schematically an architecture for a 



first antenna arrangement receiving a main commu- 
nications signal on a plurality of main uplink receive 
beams, and a diverse communication signal on a 
diverse full sector broad diverse uplink receive 
5 beam; 

Fig. 9 illustrates schematically a second antenna ar- 
rangement receiving communications signals on a 
plurality of main uplink receive beams, and on a di- 
10 verse uplink receive beam, the main uplink receive 
beams and diverse uplink receive beam formed by 
spaced apart main and diverse antennas; 

Fig. 10 illustrates schematically a third antenna ar- 
'5 rangement having a main antenna array and a di- 
verse antenna array spaced apart from each other, 
the main antenna array receiving communications 
signals on a plurality of main receive beams, and 
the diverse antenna array receiving signals on a 
20 plurality of diverse uplink signal beams; 

Figs. 11 and 12 illustrate a beam scanning method 
operated by the third antenna arrangement; 

2S Fig. 1 3 illustrates schematically a fourth antenna ar- 
rangement having main antenna array and diverse 
antenna array spaced apart from each other, 
wherein a plurality of main uplink receive beams are 
scanned and a plurality of diverse uplink receive 

30 beams are scanned; 

Fig. 14 illustrates schematically a plurality of over- 
lapping main uplink beams and overlapping diverse 
uplink beams, wherein individual ones of the main. 
55 uplink beams overlap each other and individual 
ones of the diverse uplink beams overlap each oth- 
er, and the diverse uplink beams overlap the main 
uplink beams; 

40 Fig. 15 illustrates schematically the main antenna 
array and diversity antenna array of the fourth an- 
tenna arrangement of Fig. 14; 

Fig. 16 illustrates schematically a fifth antenna ar- 
45 rangement wherein a single aperture antenna array 
receives communications signals on a plurality of 
main uplink beams operating on a first polarization, 
and on a plurality of diverse uplink beams operating 
on a second polarization; 

so 

Fig. 1 7 illustrates schematically an uplink beam pat- 
tern of the fifth antenna arrangement, wherein each 
uplink beam is segregated in terms of polarization; 

55 Fig. 1 8 illustrates schematically a more detailed im- 
plementation of the fifth antenna arrangement of 
Fig. 16; 
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Fig. 19 illustrates a switch for selecting between a 
main served beam signal, left and right adjacent 
main beam signals, and a diverse beam signal; 

Fig. 20 illustrates a first monitoring scheme for mon- 
itoring a main served beam, left and right main 
beams adjacent the main served beam, and a di- 
verse beam; and 

Fig. 21 illustrates a second monitoring scheme for 
monitoring a main served beam, left and right main 
beams adjacent the main served beam, and a di- 
verse beam. 

Detailed Description of the Best Mode for Carrying 
Out the Invention 

There will now be described by way of example the 
best mode contemplated by the inventors for carrying 
out the invention. In the following description numerous 
specific details are set forth in order to provide a thor- 
ough understanding of the present invention. It will be 
apparent however, to one skilled in the art, that the 
present invention may be practiced without using these 
spocific details. In other instances, well known methods 
and structures have not been described in detail so as 
not to unnecessarily obscure the present invention. 

Referring to Fig. 7 of the accompanying drawings 
there is illustrated schematically in plan view a base 
transceiver station 700 at a center of a cellular area re- 
ceiving signals from a plurality of mobile stations MS 
within a 120° sector. The base transceiver station cov- 
ers three such 1 20° sectors in a tri-sectorized cell, how- 
ever, for ease of description hereinafter methods and 
apparatus for operating one of those sectors will be de- 
scribed. It will be understood that coverage of the whole 
cell requires duplication of parts of the apparatus de- 
scribed hereinafter. 

An antenna arrangement according to a specific 
embodiment of the present invention is capable of re- 
ceiving signals transmitted by mobile stations, on a plu- 
rality of uplink receive beams 701-704. The uplink 
beams can be thought of as a line of sight of an antenna 
with respect to a specific carriertrequency. For example, 
if a first beam 701 is sensitive to mobile station trans- 
mission signals at a carrier frequency fj , the antenna 
arrangement will receive with a high degree of gain, any 
transmitted signals at carrier frequency f 1 within a zone 
covered by the beam 701 , but transmitted signals at car- 
rier frequency f 1 being emitted outside the beam, either 
to the left or to the right in azimuth or out of range in line 
of sight of the beam will be only weakly received, ena- 
bling the antonna to discriminate signals from a mobilo 
station MS 1 within the beam from other interfering trans- 
missions outside the beam. A plurality of directional rel- 
atively narrow beams enables greater frequency re-use 
within a cell, as compared with an omni -directional an- 
tenna, or a broadly directional antenna having a 120° 



azimuth field of reception. A beam locate receiver re- 
ceives signals from the antenna array corresponding to 
signals received on each of the plurality of beams. The 
beam locate receiver scans across the plurality of sig- 
s nals to locate a beam on which transmissions from a 
desired mobile station are being received. 

Referring to Fig. 8 herein there is illustrated a first 
antenna arrangement according to a first specific em- 
bodiment of the present invention. The first antenna ar- 
10 rangement may be used to cover a cell sector, eg a 1 20° 
cell sector of a cellular area. The first antenna arrange- 
ment comprises a compact aperture multi-element main 
antenna array 800 capable of discriminating transmitted 
signals within a plurality of receive beam zones occupy- 
is ing a sector area, received antenna signals from the 
main antenna array 800 being fed through a beam 
former matrix 801 having a plurality of signal output 
ports, each signal output port outputting a beam signal 
received from a corresponding beam zone; a diverse 
20 antenna 802 capable of receiving signals over a whole 
of the sector; a diversity receiver 803 receiving an output 
signal from the main antenna array 800 and the diverse 
antenna 802, and operating to compare the two re- 
ceived signals and either select the strongest signal of 
25 those output from the main antonna array or the diverse 
antenna, or operating to combine the signals of the main 
antenna array and diverse antenna array; a switch con- 
trol 804 operating to switch an output of the beam former 
801 corresponding to one of the said plurality of beams 
30 to the diversity receiver 803; and a beam locate receiver 
805 operating to scan each of the outputs of the beam 
former 801 for locating an output on which a received 
signal is present, corresponding to. a signal received 
within a beam zone of one of the plurality of receive 
35 beams of the main antenna array 800. The beam locate 
receiver 805 determines the best beam for receiving a 
signal from a mobile station within a sector using wave- 
form discrimination to distinguish wanted from unwant- 
ed signals s and provides a switching signal to the switch 
40 control which routes an output beam signal of the beam 
former corresponding to the best beam for receiving 
communications channel signals from the mobile station 
through to the diversity receiver 803. 

The beam locate receiver 805 receives a main 
45 beam signal from each of the main beams, monitoring 
all those main beam signals, and selects a beam having 
a strongest signal, which is routed to the diversity re- 
ceiver, 803. The diversity receiver may either combine 
the main beam signal with the diversity signal, eg by 
so adding the two signals, or may select the signal having 
the best signal to interference and noise ratio. The beam 
locate receiver measures signal strength across all 
beams, to manage beam to beam handover, sector to 
sector hand-over, or cell to cell hand-off of a call with 
55 other cells. As a mobile approaches an edge of a cell, 
neighboring base stations of neighboring cells instruct 
their locate receivers to search for that mobile in their 
beams. 
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In the configuration of Fig. 8 herein, main antenna 
array 800 distinguishes a plurality of narrow receive 
beams of gain sensitivity. This may increase the carrier 
to interference ratio in a sector, thereby allowing greater 
carrier frequency reuse, and consequently increase of 
user capacity within a cell without the need for cell split- 
ting. However, because the antenna array 800 has a 
narrow aperture, it is possible that all beams may expe- 
rience a fade simultaneously. The diverse antenna 802 
having a wider reception beam, is spaced apart from 
main antenna array 800 by a distance of 2 to 3 meters 
depending on the wavelength of operation, and the en- 
vironment in which the antenna is situated and provides 
a diversity output signal for each of the signals received 
by each of the beams of the main antenna array 800. 
However, the diverse antenna 802 which is broadly di- 
rectional over the whole of the sector, does not have the 
carrier to interference advantage provided by the first 
antenna array 800. It is not intuitively apparent that a 
combination of the multi-beam reception antenna array 
800, haying improved carrier to interference ratio, and 
the broad single beam antenna 802 providing diversity 
signal will provide an overall improvement of carrier to 
interference ratio whilst maintaining acceptable signal 
to noise ratio performance. However, simulation has in- 
dicated that the provision of a diversity signal from the 
full sector beam diverse antenna 802 gives significant 
gain in signal to interference plus noise ratio relative to 
the multi-beam main antenna array 800. Thus, the ar- 
rangement of Fig. 8 may improve overall carrier to inter- 
ference ratio, whilst maintaining adequate signal to 
noise ratio, as compared with the prior art arrangement 
illustrated in Figs. 4 to 6 herein. 

The plurality of reception beams at main antenna 
array 800 may comprise narrow orthogonal non-over- 
lapping beams, for example four beams occupying a 
120° sector, each beam having a -4dB beam width of 
around 30°. In the general case : the beam former can 
produce a beam pattern of an arbitrary number of 
beams, olyarious degrees of overlap or non-overlap. In 
this specification, the term orthogonal is construed in ac- 
cordance, with its meaning as described in 'Introduction 
to Antennas" by M S Smith 2 , and non-orthogonal is con- 
strued accordingly. 

Referring to Fig. 9 herein, there is shown a second 
antenna arrangement according to a second specific 
embodiment of the present invention. The second an- 
tenna arrangement comprises on an uplink path, a main 
multi-element antenna array 900 operating a plurality of 
overlapping receive beams covering a sector of a cell; 
a plurality of diplexors 901, for separating out received 
antenna signals of the antenna array; a plurality of linear 
amplifiers 902 for amplifying the received antenna sig- 
nals, each linear amplifier receiving a respective anten- 
na signal from a corresponding respective said diplexor, 
a beam forming matrix 903 receiving the amplified an- 
tenna signals; a plurality of multi-couplers 904 inputting 
beam signal/s corresponding to the plurality of beams 



from the beam forming matrix 903, and also inputting 
similar beam signals from other antenna arrays covering 
other sectors of the cellular area; a diversity antenna 
905 operating a full sector receive beam and capable of 
5 receiving transmissions from mobile station signal 
sources within the sector; an amplifier 906 for amplifying 
a received beam output from the diversity antenna 905; 
a second plurality of multi-couplers 907, receiving a di- 
versity beam signal from the diversity antenna 905; a 
10 plurality of switches and digital radio units 908 receiving 
signals from the multi-couplers 904, 907, the digital ra- 
dio units operating to compare the beam signals re- 
ceived from the multiplicity of beams with a diversity sig- 
nal received from the diversity antenna 905 and to 

15 switch an appropriate selected signal to transmitter 
switch/combiner matrix 909 which routes the call 
through to an appropriate beam formed by the transmit 
chain. Each main beam feeds a main beam signal to a 
corresponding respective digital radio unit 908, the ar- 

20 rangement being that each digital radio units serves a 
respective main beam. Each digital radio unit also re- 
ceives the diversity beam signal from the full sector di- 
versity beam, as well as receiving a main beam signal 
from the beam which it serves, and the diversity beam 

2S signal. Each digital radio unit also receives a signal from 
main beams either side of jts served main beam. For 
radio units serving a main beam at the edge of a sector, 
these radio units have access to a main beam signal 
from a main beam at an edge of the adjacent sector 

30 Thus, in the case of a four uplink beam arrangement, 
each of the four corresponding radio units has four in- 
puts, one from the corresponding main beam served by 
the radio unit, one from the diverse beam, and one from 
each of the main beams adjacent in azimuth to left and 

35 right of the main beam served by the radio unit. Each 
digital radio unit periodically monitors the signals re- 
ceived on the adjacent main beams, and compares 
these with the signal received from the main served 
beam. If a signal received, on an adjacent beam is 

*o stronger than the signal received on the main served 
beam, then the radio unit initiates a hand-over of call to 
the radio receiver which has the adjacent uplink beam 
with the stronger signal as its own main served beam. 
The digital radio units manage beam to beam hand-over 

45 of a call on an uplink path, depending on which beam a 
strongest signal for a call is received. 

Referring to Fig. 10 herein, there is illustrated a 
fourth antenna arrangement according to a fourth spe- 
cific embodiment of the present invention. The fourth an- 

50 tenna arrangement comprises a multi-element main an- 
tenna array 1000 capable of receiving signals from a 
plurality of receive beams covering a sector; a main 
beam former 1001 receiving antenna signals from the 
main antenna array 1001; a diversity antenna 1002, 

55 comprising a multi-element antenna array capable of re- 
ceiving diversity signals from a plurality of directional re- 
ceive beams; a diversity beam former 1003 receiving 
antenna signals from the diversity antenna 1002; a sin- 
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gle channel beam locate receiver 1004 operating to 
scan across a plurality of output ports of the main beam 
former 1001 and diverse beam former 1003 to locate a 
signal on a corresponding receive beam of the main an- 
tenna 1001 or diverse antenna 1002; a switch control 
device 1005 for switching a beam signal output of the 
main beam former 1001 to a first input of a diversity re- 
ceiver 1006; a diversity switch control 1007 for switching 
a diversity signal received on a corresponding receive 
beam of the diversity antenna 1002, the diversity switch 
control 1007 selecting the signal from a plurality of out- 
put ports of the diversity beam former 1003, the diversity 
switch control 1007 receiving a switch signal from the 
main switch control 1005, the diversity switch control op- 
erating to switch a received beam signal from an output 
port of diversity beam former 1 003 according to the con- 
trol signal received from main switch control 1005, the 
diversity receiver 1006 receiving the diversity beam sig- 
nal from the diversity switch control 1007. 

The single channel beam locate receiver 1004 lo- 
cates a transmission from a mobile station in a beam 
zone corresponding to a received beam of the main or 
diverse antenna 1000, 1002, and operates the main 
switch control 1005 to connect a corresponding beam 
signal prosont at an output port of main boam former 

1001 or diverse beam former 1003 to an input of the 
diversity receiver 1006. The main switch control 1005 
sends a signal to the diversity switch control 1007 to 
switch a corresponding output port of the diversity beam 
former 1003, which corresponds to a diversity receive 
beam which overlaps in pointing angle but which is spa- 
tially offset to the main received beam on which the sig- 
nal from the mobile station is being received. The diver- 
sity beam signal on the corresponding overlapping di- 
versity receive beam is switched to another input port of 
the diversity receiver 1006. The diversity receiver com- 
pares the beam signals from the main beam and from 
the corresponding diversity receive beam and selects 
the highest quality signal of those two signals, or alter- 
natively combines those two signals. The beam locate 
receiver 1004 sequentially scans each of the beams is- 
suing from the main antenna 1 000 and diversity antenna 

1002 in order to locate communications channels sig- 
nals of mobile stations. The switch control 1 005 controls 
the diversity switch 1007 to inspect beam signals from 
the corresponding diversity beam overlapping the main 
beam, such that the main beams and diversity beams 
are scanned together with the main beam and the cor- 
responding overlapping diversity beam being inspected 
by the diversity receiver simultaneously as the beam lo- 
cate receiver scans across the plurality of main beams. 

Referring to Figs. 11 and 12 herein, there is shown 
part of a sequence of boam scanning across tho plurality 
of main beams and the corresponding plurality of diver- 
sity beams from the main antenna 1000 and diversity 
antenna 1002. In Fig. 11 a first main beam 1100 is se- 
lected by the locate receiver, and switch 1005 at the 
same time as corresponding spatially overlapping offset 



first diversity beam 1101. In Fig. 12 the next one of the 
plurality of main beams in the sector is selected, and the 
corresponding diversity receive beam of diversity anten- 
na 1 002 is scanned at the same time, beam signals from 
5 each of these beams being fed into diversity receiver 
1006. 

The beam locate receiver may scan across the 
beams in sequence so that the receiver samples ones 
of the main and diverse beams in turn. 
10 Referring to Fig. 1 3 herein, there is illustrated a fifth 
antenna arrangement according to a fifth specific em- 
bodiment of the present invention. The fifth antenna ar- 
rangement operates substantially similarly to the fourth 
antenna arrangement, however a dual channel beam \o- 
is cate receiver 1 300 is provided which determines a pair 
of beams, ie a main beam and a corresponding diversity 
beam providing the best signal performance, wherever 
those beams may be directed. The beam locate receiver 
1 300 scans each of a plurality of main beam signals out- 
20 put by main beam former 1302 and switches a beam 
signal corresponding to a required mobile station to di- 
versity receiver 1301 via main switch 1303 and simulta- 
neously scans a plurality of diverse receive beams, by 
inspecting corresponding diverse beam signals output 
25 from diverse boam formor 1 304 and selects a beam giv- 
ing a strongest signal corresponding to the located mo- 
bile station. The beam locate receiver controls diverse 
switch 1 305 to switch the selected beam signal to diver- 
sity receiver 1301 . The beam locate receiver can mon- 
30 itor main and diverse beams either synchronously or 
asynchronously. Alternatively, the beam locate receiver 
can operate in a dual channel diversity mode to improve 
the beam selection performance. 

An example of operation of the fifth antenna ar- 
35 rangement of Fig. 13 is illustrated in Fig. 14 herein, in 
which a plurality of main beams 1400-1403 heavily over- 
lap each other, having an azimuth beam width of around 
50° each, four beams covering a 1 20° sector, and a plu- 
rality of diversity received beams 1 404-1 407 overlap the 
40 plurality of main beams spatially. For example a mobile 
station MS may fall within an overlap region of first main 
beam 1400, a second main beam 1401 , a first diversity 
beam 1404, and a second diversity beam 1 405. The sig- 
nal received on the first main beam 1 400 may be strong- 
45 er than that received on the second main beam 1401. 
whereas the diversity signal received on the second di- 
versity beam 1405 may be stronger than that received 
on the first diversity beam 1404. Under these circum- 
stances, the beam locate receiver 1300 may select a 
so main beam signal corresponding to first main beam 
1400 and a diversity signal corresponding to second di- 
versity beam 1 405 for routing to diversity receiver 1 301 
In general, adjacent beams may fade together. 
However, if significant angle scatter is present, inde- 
55 pendently fading signals received in different beams, 
can occur sometimes, but rarely. Selecting different 
main and diverse beams under these circumstances 
can have an advantage. Such operation may be worth- 
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while in a situation where the mulitpath environment is 
subject to high angle spread or scatter 

Referring to Fig. 1 5 herein, there is illustrated sche- 
matically the main antenna and diversity antenna of the 
fifth antenna arrangement of Fig. 16 in situ on top of a 
mast. Since the main antenna and diversity antenna 
comprise multi-element antenna arrays, their size will 
be larger than a corresponding omnidirectional anten- 
na (relative size of omni-directional antenna shown doi- 
ted). The main antenna 1501 and diversity antenna 
1 502 are spaced apart by a distance of typically around 
2 to 3 meters, such that when all the main beams are in 
fade, the distance between the main antenna array and 
diversity antenna array is such that the fading experi- 
enced by the diversity antenna may be uncorrected with 
that experienced by the main antenna. However, as 
mentioned previously obtaining planning permission for 
erection of antenna arrays and masts is difficult, and in- 
creasing the size of antenna arrays is a disadvantage 
from the cost and planning point of view, as well as ex- 
periencing increased technical problems due to in- 
creased wind resistance and increased bulk. Ideally the 
facets of the multi-element antenna arrays would be 
made as slim as possible. 

Referring to Fig. 1 6 herein, thcro is illustrated a sixth 
antenna arrangement according to a sixth specific em- 
bodiment of the present invention. The sixth antenna ar- 
rangement comprises a single antenna array 1 600 com- 
prising a plurality of antenna elements capable of dis- 
criminating signals of a plurality of mobile stations by 
polarization; a first uplink beam former 1601 capable of 
receiving first polarized antenna signals from the anten- 
na array 1600; second uplink beam former 1602 capa- 
ble of receiving second polarized signals from the an- 
tenna array 1 600; said first beam former 1 601 outputting 
a plurality of first polarization beam signals from a cor- 
responding plurality of output ports of the first beam 
former 1601 , and the second beam former 1602 output- 
ting a second plurality of polarization beam signals from 
a plurality/Of output ports of the second beam former 
1602, saidplurality of polarization beams signals corre- 
sponding to a plurality of main receive beams sensitive 
to signater in said first polarization, and said second 
beam former outputting said second polarization beam 
signals corresponding to a set of diverse receive beams, 
sensitive to receive signals of a second polarization; a 
beam locate receiver 1603 operating to scan said output 
ports of first beam former 1601 to locale a beam signal 
carrying a received signal from a mobile station within 
a sector covered by said beams, the beam locate re- 
ceiver operating a main switch 1 604 to switch a said first 
polarization beam signal to a first input port of diversity 
receiver 1605, the main switch 1604 generating a con- 
trol signal received by a diversity switch 1 606, the diver- 
sity switch 1 606 receiving a plurality of second polariza- 
tion beam signals from second diversity beam former 
1602, said diversity switch 1606 selecting a diverse 
beam signal of a second polarization, corresponding to 



said diverse beams of said second polarization, corre- 
sponding to the beam signal received from the main 
beam of said first polarization; said diverse beam signal 
being switched by said diversity switch 1606 into a sec- 
5 ond input port of said diversity receiver 1 605. the diver- 
sity receiver 1605 operating to compare the main beam 
signal and diverse beam signal and either select the 
stronger of the main signal and the diverse signal, or to 
combine the main signal and diverse signal to produce 
10 an output signal. 

Referring to Fig. 17 herein, there is illustrated a 
beam pattern of the polarization antenna array 1600. 
The beam pattern comprises a plurality of relatively nar- 
row beams in azimuth, occupying a 1 20° sector of a cel- 
is lular radio area. Typically a plurality of narrow beams 
may occupy a 120° sector. A main plurality of beams 
comprise beams of sensitivity to signals of a first polar- 
ization, whereas a diverse plurality of beams, occupying 
co-spatially with corresponding respective said main 
beams are sensitive to signals of a second polarization. 
Each of the main beams operates at a different carrier 
frequency, being a same carrier frequency at which 
each of the corresponding respective diverse beams of 
the second polarization operate. 

A signal transmitted at arbitrary polarization by a 
mobile station and which may suffer significant polari- 
zation mixing in the propagation path falls within one of 
the beams and may result in a stronger received signal 
in the first polarization than the second polarization or 
vice versa, depending upon local conditions within the 
sector. The main beams operating at the first polariza- 
tion may be used to derive main beam signals, whereas 
the diverse beams operating in the second polarization 
may be used as the diverse beams. The first and second 
polarization are preferably orthogonal to each other, and 
may comprise linear polarizations, or opposite circular 
polarizations, or any combination of different polariza- 
tions, eg linear polarization and circular polarization. 

The antenna array 1600, receptive to first and sec- 
ond polarization signals, may comprise a plurality of in- 
dividual antenna elements in a single antenna element 
array. This has an advantage of having a relatively com- 
pact aperture compared to two spaced apart antennas, 
eg a main antenna and a diverse antenna spaced apart 
typically by a distance of 2 to 3 meters depending on 
operational wavelength used and environment. Be- 
cause the received signals are discriminated from each 
other by means of polarization, when one polarization 
is in fade, the other polarization may be less severely in 
fade, or not in fade, even though the elements of the 
antenna are compactly arranged. By providing a main 
beam pattern and a diverse beam pattern differentiated 
by moans of polarization, it may bo possible to provide 
a compact antenna having multiple narrow beams, 
thereby increasing carrier to interference ratio, and also 
having compact aperture area, thereby incurring fewer 
problems with planning permission, windage, weight 
and cost, whilst still maintaining an adequate signal to 
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noise ratio advantage through the use of diversity. 

Each of the beams can be scanned firstly on its first 
polarization, and secondly on its second polarization be- 
fore moving on to the next beam, in order to locate a 
wanted signal and its corresponding diverse signal 
Scanning to locate a wanted signal can operate in a va- 
riety of different ways. For example, a first polarization 
of each beam can be scanned, the beams being 
scanned in sequence, and then the second polarization 
of each beam can be scanned. Alternatively, a first po- 
larization of one beam can be scanned followed by a 
second polarization of that beam, before scanning the 
next adjacent beams first polarization and then the next 
adjacent beams second polarization. In general, the first 
and second polarizations of the beams can be scanned 
in any order, for example randomly or in accordance with 
a predetermined scanning algorithm. 

Referring to Fig. 18 herein, there is illustrated an 
implementation of polarized diversity narrow beams in 
a seventh antenna arrangement according to a seventh 
specific embodiment of the present invention. The sev- 
enth antenna arrangement receives signals from a first 
plurality of main receive beams 1800 receptive to a first 
polarization, and a corresponding plurality of spatially 
ovorlapping diversity receive beams 1801 receptive to 
a second polarization. The seventh antenna arrange- 
ment comprises a main antenna array 1 802 comprising 
a plurality of antenna elements, each antenna element 
issuing a antenna signal to a corresponding respective 
diplexor of a plurality of diplexors 1803, each of the 
diplexors splitting off the received antenna signal and 
feeding the received antenna signal into a correspond- 
ing linear amplifier of a plurality of linear amplifiers 1 804, 
which output amplified received antenna signals into 
main uplink beam forming matrix 1805, main uplink 
beam forming matrix 1 805 comprising a plurality of out- 
put ports each outputting a corresponding uplink re- 
ceived beam signal, corresponding to a respective 
beam of the plurality of main beams 1800, the uplink 
beam signals being input into a plurality of multi-cou- 
plers 1806 along with other beam signals from other 
main antennas of other sectors of a cell; a diversity an- 
tenna 1807 comprising a multi-element array, the diver- 
sity antenna receiving signals from a plurality of direc- 
tional diversity receive beams 1801 : each said element 
of the diversity antenna generating a corresponding re- 
spective diversity antenna signal, the diversity antenna 
signals input to a plurality of linear amplifiers 1808, the 
linear amplifiers outputting amplified diversity antenna 
signals into input ports of a diversity beam forming ma- 
trix 1 809; the diversity beam forming matrix 1 809 having 
a plurality of output ports corresponding to respective 
rocoivo boams covoring tho 6octor, 6akJ diversity beam 
signals output from the diversity beam forming matrix 
1809 being input to second plurality of multi-couplers 
1 81 0; a plurality of switches and digital radio units 1811 
receiving signals from the first and second plurality of 
multi-couplers, corresponding to signals received on 



each of the main receive beams and diversity receive 
beams; the digital radio units 1811 outputting signals to 
a transceiver switch/combiner matrix 1912, which then 
get routed to a corresponding beam formed on the 

5 downlink, or antenna. 

The main antenna array 1802 and diverse antenna 
array 1807 are combined into the same antenna aper- 
ture, and are not spaced apart by a large distance. Ele- 
ments of the main and diverse antenna arrays are close 

10 to each other, within the distance of a few wavelengths, 
and can be co-located. 

Referring to Figs. 19 and 20 herein, there is illus- 
trated operation of a digital radio unit of the embodi- 
ments of Figs. 9 or 18. Each digital radio unit serves a 

is corresponding respective main beam. The digital radio 
unit receives a signal from its main served beam Mg. 
Reception of the main served beam M s is shown as a 
function of time in the upper part of Fig. 20. For most of 
the time, the digital radio unit connects to the main 

20 served beam M s but periodically disconnects from the 
main served beam and connects to a signal from an ad- 
jacent main beam, for example an adjacent beam to the 
left of the main serving beam M L , to test whether the 
signal on the left adjacent beam M L is stronger than the 

25 signal rocoivod on the main serving beam Mg. Tho digital 
radio unit also connects to a diverse serving beam D s , 
for most of the time, but periodically switches to connect 
to another main beam adjacent to the main serving 
beam, for example the beam to the right of the main 

30 serving beam M R . The digital radio unit monitors the ad- 
jacent left main beam M L and adjacent right main beam 
either side of the main serving beam M^ testing for a 
higher strength signal Irom a mobile station on either of 
the adjacent left or adjacent right main beams to a main 

35 serving beam, whilst simultaneously receiving a signal 
from the diverse serving beam D s . 

In the case of the second antenna arrangement of 
Fig. 9 herein, there are a plurality of adjacent main 
beams in a sector spatially overlapping in azimuth with 

40 a full sector diversity beam. In this case, the serving di- 
verse beam D s is the full sector diversity beam and the 
main serving beam can be any of the plurality of main 
beams in a sector. At the edges of a sector, the adjacent 
main beam may be a main beam from an adjacent sec- 

4S tor, and the digital radio unit may monitor a main beam 
of an adjacent sector. 

In the fifth antenna arrangement of Fig. 18, there 
are plurality of main beams and a plurality of diverse 
beams in a sector. Under these circumstances, signals 

so from the main serving beam and diverse serving beam 
are input into the digital radio unit, and the digital radio 
unit periodically monitors main beams adjacent either 
side of tho main serving boam to dotormine whether a 
stronger signal can be obtained on those beams. 

ss Referring to Fig. 21 herein, there is shown an alter- 
native monitoring pattern in which switching between 
the main serving beam Mg and adjacent left main beam 
M L is followed immediately, or within short succession 
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by switching from the diverse serving beam to monitor 
the adjacent right main beam M R , before reverting to se- 
lection of the main serving beam and diverse serving 
beam. Periodically, the adjacent left and adjacent right 
main beams are monitored by switching from the main s 
serving beam and diverse serving beam. 

The digital radio units continuously scan other ad- 
jacent main beams in the sector, to determine if a strong- 
er signal can be obtained on a beam other than the 
beam currently operating as the main serving beam. 10 
The digital radio unit substantially continuously receives 
a signal from a diverse beam, and can combine the sig- 
nals from the main serving beam M s and diverse serving 
beam D s . If the DRU detects a stronger signal level in 
an adjacent main beam, then it initiates a hand-over of is 
the call so that the adjacent beam becomes the serving 
beam (ie the call is routed from the current DRU to a 
DRU which uses the adjacent beam as the serving 
beam). 

20 
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30 

1. An antenna arrangement for a cellular radio base 
station, said arrangement characterized by com- 
prising: 

a main antenna (1000) and a diversity antenna 35 
(1002); wherein 



5. The antenna arrangement of any one of the preced- 
ing claims, wherein said diversity antenna compris- 
es a plurality of antenna elements adapted to re- 
ceive a said communications signal on one or more 
of a plurality of adjacent diversity beams defined by 
said plurality of antenna elements. 

6. The antenna arrangement as claimed in any one of 
the preceding claims, wherein said plurality of direc- 
tional beams comprise orthogonal beams. 

7. The antenna arrangement as claimed in any one of 
the preceding claims, wherein said plurality of 
beams comprise non-orthogonal beams. 

8. The antenna arrangement as claimed in any one of 
the preceding claims, wherein said plurality of 
beams are directable in different directions to each 
other. 

9. The antenna arrangement as claimed in claim 2, 
wherein said means for selecting a beam compris- 
ing an optimal signal is common to both said anten- 
nas. 

10. The antenna arrangement of claim 9, wherein said 
means for selecting a beam receiving an optimal 
signal intermittently re-selects said optimal signal. 

1 1 . The antenna arrangement of claim 1 0, wherein said 
intermittent re-selection comprises testing beams 
adjacent said selected beam for an optimal signal. 

12. A method of receiving communications signals in a 
cellular radio communications system, the method 
characterized by comprising the steps of: 

forming a first plurality of directional uplink 
beams; 

receiving communications signals on said first 
plurality of directional uplink beams; 

forming at least one second directional uplink 
beam; 

receiving communications signals on said sec- 
ond directional uplink beam; 

scanning across said plurality of first uplink 
beams and said at least one second beam to 
locate a beam receiving an optimal communi- 
cations signal. 

13. The method as claimed in claim 12, comprising the 
step of: 

comparing a said communications signal re- 



at least one said antenna is configured to re- 
ceive communications signals on a plurality of 
spatially directional beams (1100 : 1101). 40 

2. The antenna arrangement of claim 1 , wherein said 
main antenna receives a said communications sig- 
nal on one of said plurality of directional beams, said 
antenna arrangement further comprising means for 45 
selecting from between said plurality of beams, a 
said beam receiving a wanted communications sig- 
nal. 

3. The antenna arrangement of claim 1 or 2, further so 
comprising a diversity receiver adapted to combine 
said wanted communications signal with a commu- 
nications signal received by said diversity antenna. 

4. The antenna arrangement as claimed in claim 1,2 ss 
or 3, wherein a said main antenna comprises a plu- 
rality of individual antenna elements. 
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ceived on a located beam of said first plurality 
of beams with a said communications signal re- 
ceived on said second uplink beam. 

14. The method as claimed in claim 12 or 13, compris- 5 
ing the steps of: 

forming a plurality of said second uplink beams; 

scanning across said plurality of second uplink 10 
beams to locate a beam of said second plurality 
on which said communications signal is opti- 
mally received; and 

comparing said communications channel re- is 
ceived on said first located beam with said com- 
munications channel received on said second 
located beam. 

1 5. An antenna arrangement for a cellular radio system, 20 
characterized by comprising: 

a first antenna array capable of receiving first 
antenna signals; 

25 

a first beam former mean (1 302) capable of re- 
ceiving said first antenna signals and outputting 
a plurality of first beam signals corresponding 
to a first plurality of beams; 

a second antenna spaced apart from said first 
antenna, said second antenna capable of re- 
ceiving second antenna signals; 



16. The antenna arrangement as claimed in claim 15, 
wherein said locating means operates to select a 
beam signal corresponding to an optimal receive 
beam of said first and second directional beams. 

17. Tho antonna as claimed in claim 15 or 16, compris- 
ing: 

means for comparing said first beam signals 
with said second beam signals. 



18. The antenna arrangement as claimed in claim 15, 
1 6 or 1 7 wherein said second antenna comprises a 
directional antenna capable of receiving communi- 
cations signals on a second plurality of directional 
beams. 

19. The antenna arrangement as claimed in any one of 
claims 15 to 18, wherein said receiver simultane- 
ously receives a beam signal from each of said plu- 
rality of beams, and sequentially scans said beam 
signals of said plurality of beams. 

20. The antenna arrangement as claimed in any one of 
claims 15 to 19, wherein said first and second an- 
tennas are physically spaced apart by a distance 
sufficient that when said first antenna experiences 
a fade, said second antenna is out of fade. 

21. A method of receiving communications signals in a 
cellular radio communications system, the method 
characterized by comprising the steps of: 

receiving first antenna signals on a first anten- 
na array; 

inputting said first antenna signals into a first 
beam former means; 

outputting from said first beam former means a 
plurality of first beam signals corresponding to 
a first plurality of beams; 

receiving second antenna signals on a second 
antenna array, said second antenna array 
spaced apart Irom said first antenna array: 

inputting said second antenna signals to a sec- 
ond beam former beams; 

outputting from said second beam former 
means second beam signals corresponding to 
at least one second beam; 

scanning said plurality of first beam signals to 
locate a communications signal received on a 
said beam; and 

inputting at least one of said first anck second 
beam signals into a receiver. 

22. An antenna arrangement for a cellular radiosystem, 
characterized by comprising: 

an antenna array capable of receiving signals 
from a plurality of main uplink beams, and at 
least one diverse uplink beam, and producing 
corresponding antenna signals, said main and 
diverse uplink beams being distinguishable 



30 



a second beam former means (1304) capable 35 
of receiving said second antenna signals and 
outputting a second beam signal correspond- 
ing to at least one second beam; 

locating means (1 300) for scanning across said *o 
plurality of first beam signals to locate a com- 
munications signal received on a said beam; 
and 

a receiver (1301) for receiving said first and 45 
second beams signals. 
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from each other on a polarization basis: 

beam former means for receiving said antenna 
signals and producing a plurality of main beam 
signals corresponding to said plurality of main 
beams, and at least one diverse beam signal 
corresponding to said at least one diverse up- 
link beam; and 

a locating means operating to: 

scan across said plurality of main beam signals 
to identify a beam of said first plurality of main 
uplink beams on which a communications 
channel signal is received; and 

a receiver means operating to compare said 
communications signal received on said iden- 
tified main beam with said communications sig- 
nal identified on said diverse beam. 

23. The antenna arrangement as claimed in claim 22, 
wherein said antenna is capable of receiving sig- 
nals on a plurality of said diverse uplink beams, and 
said scanning means operates to scan across a cor- 
responding plurality of diverse beam signals to 
identify a beam of said plurality on which said com- 
munications signal is received. 

24. A method of receiving communications signals in a 
cellular radio communications systems, the method 
characterized by comprising the steps of: 
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scanning across said plurality of diverse uplink 
beams to identify a said diverse beam on which 
said communications channel signal is re- 
ceived; and 

comparing said communications channel sig- 
nal received on said identified main beam with 
said communications channel signal received 
on said identified diverse beam. 

27. A method of receiving communications signals from 
a mobile station in a cellular radio communications 
system, said method characterized by comprising 
the steps of: 

forming a plurality of main uplink beams; 

forming a plurality of diverse uplink beams; 

selecting at least one beam from said plurality 
of main uplink beams and said plurality of di- 
verse uplink beams; and 

inputting said selected at least one beam into 
a receiver. 

28. The method as claimed in claim 27, wherein said 
plurality of main uplink beams operate to distinguish 
signals of a first polarization; and 

said plurality of diverse beams operate to dis- 
tinguish signals of a second polarization. 



forming a plurality of first uplink beams, and at 
least one second uplink beam, said main and 
diverse beams being distinguishable from each 
other on a polarization basis; 

receiving a communications channel signal on 
said main and diverse uplink beams; 

scanning across said plurality of main beams 
to identify a said beam on which a communica- 
tions channel signal is received; and 

combining said communications channel signal 
received on a said main identified beam with 
said communications signal received on a said 
diverse beam. 

25. The method as claimed in claim 24, wherein said 
polarizations are mutually orthogonal. 

26. The method as claimed in claim 24 or 25, compris- 
ing the steps of: 

forming a plurality of said diverse uplink beams; 



29. A method of receiving communications signals from 
35 a mobile station in a sectorized cellular radio com- 
munications system, said method characterized by 
comprising the steps of: 

forming a plurality of main uplink beams in a 
40 sector; 

forming at least one diverse uplink beam in said 
sector; 

45 serving a said main uplink beam by monitoring 

signals received on said main uplink beam 
monitoring signals received on said diverse up- 
link beam; and 

50 periodically monitoring signals received on at 

least one said main uplink beam other than said 
served main uplink beam. 

30. The method as claimed in claim 29, wherein said 
55 other uplink beams comprise main beams adjacent 

in azimuth to said served main beam. 
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